The infiltration of water and its influencing factors in disturbed or reclaimed land are not well understood. A better understanding would provide essential information for assessing the hydrological processes in disturbed ecosystems. We measured the infiltration of water in soils from loamy and sandy reclaimed land. The relationships between infiltration and soil properties were analyzed based on three models: the Kostiakov, Philip, and Green-Ampt equations. Our objectives were to understand water infiltration in reclaimed land with a variety of soil textures and to establish the dependence of water infiltration on soil properties. Both the rate of infiltration and the cumulative infiltration were higher in sandy than in loamy soils. The rate of infiltration and the cumulative infiltration decreased with soil depth in undisturbed land. The sorptivity rate (S) from the Philip equation, empirical coefficient (K) from the Kostiakov equation, and the satiated hydraulic conductivity (K sl ) from the Green-Ampt equation were 22%, 16%, and 7.1% higher, respectively, in sandy than in loamy soils. The K sl increased significantly with K s (saturated hydraulic conductivity) in both sandy and loamy soils. These indicated that the Green-Ampt equation can be used to describe K s and the characteristics of infiltration for soils on disturbed land.
INTRODUCTION
The infiltration of water into soil is an important process of the hydrological cycle in terrestrial ecosystems, particularly in arid and semiarid ecosystems, that are limited by the availability of soil water. Infiltration into soils has been widely investigated in both field and laboratory studies.
The saturated hydraulic conductivity has previously been evaluated by field infiltration experiments over a period of years (Matula ) . Yang et al. () described the behavior of infiltration in laboratory experiments, and the process has been well described and modeled. The Green-Ampt equation, an early conceptual model of infiltration, was defined in 1911 (Green & Ampt ) . Hsu et al. () evaluated three models of infiltration, the Philip, Green-Ampt, and Horton models, with several types of soil. A study conducted in a cultivated field and a grazed pasture showed that the cumulative infiltration was not affected by the type of land use (Bharati et al. ) . The disruption of soil structure and channels under conventionally tilled farmland led to a lower infiltration rate compared with an untilled treatment (Azooz & Arshad ) . Laboratory studies have demonstrated that the fine-particle content of soils determined water infiltration and can be used to estimate infiltration rates (Agassi et al. ; Bharati et al. ) . In this study, 42 soil cores from loamy and sandy soils were collected to a depth of 140 cm at reclaimed land on the Northern Loess Plateau in China. Soil properties and water infiltration were measured. Three models were used to describe the infiltration processes, and the relationships between infiltration and soil properties were analyzed. The objectives were to understand water infiltration in reclaimed land with different soil textures and to establish the dependence of water infiltration on soil properties.
MATERIALS AND METHODS

Study sites and soil sampling
Soil samples were collected from the reclaimed land in the HeiDaiDou Open Pit Coal Mine on the Northern Loess Plateau. The soil in this area has been reclaimed since 1998, and the depth of the reclaimed soil was at least 150 cm.
After the new dump formed, the soil was not disturbed until we collected it. The elevation of the site ranges between 1,025 and 1,302 m, the mean annual temperature is 7 W C, and the mean annual precipitation is 400 mm. (profile 5), Medicago sativa and S. bungeana (profile 6).
Laboratory analysis
The particle size analysis was based on the method proposed by Bouyoucos (). SOM content was determined by the titration method (Walkley & Black ) . BD was measured by a method proposed by Brasher et al. () .
For the infiltration experiments, deionized water at a temperature of 24 ± 1 W C was applied to the surface of the columns from Mariotte bottles, a constant 4.5 cm head of water was applied, and the head was constant during the infiltration. The whole progress of the wetting front was recorded. For the first 6 min, it was recorded every 30 s.
Then, it was recorded every 1 min for the following 20 min. For the next 30 min, it was recorded every 2 min.
After that, it was recorded every 5 min for 50 min. Finally, it was recorded every 10 min until the wetting front disappeared. Once the wetting front had reached the base of the soil column, the outflow was collected with a fraction collector continuously every 30 min, and the volume accrued in each 30 min interval was measured until the flow rate became constant. This point determined the saturated hydraulic conductivity (K s ).
The K s of the soil column were calculated from the infiltration data using Darcy's law (Marshall & Holmes ):
where v/t is the volume of water flow per unit time (mL min À1 ), L is the length of the soil column (cm), A is the area of the soil column (cm 2 ), and H is the difference between top and bottom water level (cm).
Data analysis
A two-way analysis of variance was used using SAS software The Kostiakov () equation is expressed as:
where I is the cumulative infiltration (cm), t is time (min), and α and K are empirical coefficients.
The Philip () equation is expressed as:
where I is the cumulative infiltration (cm), t is time (min), S is the sorptivity (cm min À1/2 ), and A is the steady-state infiltration rate (cm min À1 ).
The Green & Ampt () equation is expressed as:
where q is the infiltration rate (cm min À1 ), K s is the saturated hydraulic conductivity (cm min À1 ), H m is the effective pressure head at the wetting front (cm), and L f is the generalized moist wetting front (cm).
Wang et al. () showed the matric potential plays a major role in a relatively limited infiltration time and the Green-Ampt equation is expressed as:
where i is the infiltration rate (cm min À1 ), K sl is the satiated hydraulic conductivity (cm min À1 ), h f is the average suction wetting front (cm), and z f is the generalized moist wetting front (cm).
The Green-Ampt infiltration model includes two parameters, K sl and h f ; K sl is determined by the experimental conditions, whereas z f is determined by the cumulative infiltration:
where I is the cumulative infiltration (cm), θ s is the saturated water content (cm À3 cm À3 ), and θ i is the initial soil-moisture content (cm 3 cm À3 ).
RESULTS AND DISCUSSION
Soil properties
As shown in Table 1 and Figure 1 (a), BD and K s were not significantly (P ¼ 0.05) influenced by soil texture and soil depth in this study. Sand content, however, was significantly higher in the sandy than in the loamy soils across the profile, as expected (Figure 1(d) ). The SOM is shown in Figure 1 (c).
The difference in SOM between the two soils was greater at 0-40 cm and 120-140 cm depths than other soil depths, which might lead to the significant interaction. SOM content was generally higher in loamy than in sandy soils in all soil layers. K s was higher in sandy than in loamy soils in the 0-60 cm layer but similar change was found in the two soils below 60 cm (Figure 1(b) ).
Water infiltration
The extent of cumulative infiltration increased with time for both the sandy and the loamy soils in each layer. The infiltration of water in the disturbed soils varied with soil texture These results were expected because the higher sand content and porosity of sandy soil provide lower soil water potential and higher K s compared to loamy soil, which favors the infiltration of water in sandy soil. These results were consistent with the relatively lower infiltration rates in fine-textured than in coarse-textured soils observed in both farmland (Návar & Synnott ) and land with natural vegetation (Mbagwu ) . In the clayey soil, the bulk density was higher in the more compacted soil than that in non-compacted soil (Neves et al. ) . Thus in the water infiltration process, the wetting front moved in the loamy soil more slowly than in the sandy soil.
Infiltration rate and cumulative infiltration have been found to decrease with soil depth in undisturbed land. For example, the infiltration rate in field and laboratory experiments with soils collected from seven natural sites decreased with increasing soil depth throughout a 0-160 cm profile (Zettl et al. ) . In our study, however, infiltration rate and cumulative infiltration did not vary with depth in both sandy and loamy soils due to the relatively homogeneous distribution of soil properties along the soil profile in the disturbed land, consistent with the lack of variation in sand content and K s with depth in both sandy and loamy soils (Figure 1(b) ). Similarly derived from the Green-Ampt equation were relatively higher in sandy than in loamy soils (Figure 4) . The averaged S, K, and K sl were 22%, 16%, and 7.1% higher, respectively, in sandy than in loamy soils. These results were consistent with the relatively higher infiltration rate in sandy than in loamy soils (Figures 2 and 4) . The profile distribution of S, K, and K sl , however, varied with soil texture. We observed no increase or decrease in S, K, or K sl with soil depth in either sandy or loamy soils. These results conflict with those from undis- 
CONCLUSIONS
The extent of cumulative infiltration in the reclaimed land increased with time in both sandy and loamy soils in all soil layers and varied with soil texture. The infiltration rate and cumulative infiltration were higher in sandy than in loamy soils in each soil layer. The progress of the wetting front with soil texture showed a trend similar to that of the extent of infiltration. Infiltration rate and cumulative infiltration decreased with soil depth. The averaged S (the sorptivity rate), K (an empirical coefficient), and K sl (satiated hydraulic conductivity) were 22%, 16%, and 7.1% higher, respectively, in sandy than in loamy soils and varied with soil texture. K sl increased significantly with K s in both sandy and loamy soils. K sl explained nearly 100% of the K s in both soils. These results indicated that the Green-Ampt equation can successfully describe K s and the characteristics of infiltration for the soils from disturbed land.
